Introduction
Detailed knowledge of habitat use and movement patterns is essential for comprehensive understanding of wildlife ecology and for informing conservation efforts of species of conservation concern. The success of conservation efforts relies on detailed knowledge of the habitats required to support a population over the long term, commonly referred to as critical habitat (Harrison and Fahrig 1995; Martin et al. 2016 ). Critical habitat is often defined based on the results of observational studies of habitat use and movement, thus the results of these studies are particularly important for identifying the habitat type and amount of habitat that will be protected for species of conservation concern (Rosenfeld & Hatfield 2006; Camaclang et al. 2015; Martin et al. 2016) .
In observational studies of habitat use and selection, the temporal and spatial scales of observation are not independent of one another . The more frequent the observation (i.e. increasing temporal resolution) the less distance an individual can potentially move between observations (i.e. increased spatial resolution) and vice versa Friar et al. 2010) . Increasing the frequency of observation (spatial or temporal) results in inferences of movement and habitat use at finer scales of both space and time. However, increasing the frequency of observation typically results in increased costs of monitoring (e.g. increased staff time to locate animals or increased cost of monitoring equipment) and may force a tradeoff with regard to the number of individuals that can be consistently monitored (Christensen and Chow-Fraser 2014) . Thus, a study may have excellent spatial and temporal resolution of habitat use by individuals, but have limited potential for extrapolative inference because it is not robust with respect to potential variation amongst different individuals D r a f t 4 . Balancing these trade-offs is a key aspect of optimal monitoring study design.
Balancing tradeoffs between spatial/temporal resolution and the number of individuals being monitored is particularly important when the goal is to inform or define habitat for the conservation of species at risk. If the temporal or spatial scale of observation is too coarse, the use of important habitat components may be missed or the total amount of habitat necessary to support an individual or population may not be estimated correctly. Several researchers have noted this general problem and that the problem can be severe if techniques used to estimate the size and shape of home ranges, activity areas, or population ranges are inherently biased (Kaufmann 1995; Burgman and Fox 2003; Row and Blouin-Demers 2006) . The practical implications may be either too little or too much habitat being identified for protection, neither of which are desirable outcomes.
GPS-telemetry has revolutionized our ability to track animal movements by providing tremendous detail of animal movement while complicating estimates of habitat use and home ranges Fieberg et al. 2010 ). GPS-telemetry based relocations provide more robust spatio-temporal datasets than conventional radio-telemetry and allow determination of fine-scale movement and associations with habitat features (Borger et al. 2006a; Knight et al. 2009; van Beest et al. 2011) . However, high frequency GPS-telemetry data suffer from serial autocorrelation and violate the assumption that each successive observation is independent of the previous observation Glasby and Yarnell 2013) . Methods such as dynamic Brownian Bridge Movement Model (dBBMM) overcome issues associated with serial autocorrelation and variation in sampling intensity issues (Horne et al. 2007; Kranstauber et al. 2012 ) and provide a probabilistic estimate the animal's movement path, with the capability of D r a f t 5 highlighting both movement corridors and stopover sites. Together, GPS-telemetry technology and dBBMM modelling provide robust probability-based estimates of habitat use appropriate to both fine and larger scale inference. However, the additional cost of GPS-technology relative to radio-telemetry may reduce the number of individuals that can be tracked, reducing inferential power as it relates to potential variation amongst individuals within a population. One possible solution is to integrate the two different monitoring techniques, simultaneously monitoring a large number of individuals with less expensive radio-telemetry and augmenting the data set by monitoring a subset of individuals with GPS-telemetry to better define movement and habitat spatially and temporally.
The Wood Turtle (Glyptemys insculpta (LeConte, 1830) ) is a frequently studied species at risk, listed as a vulnerable species on the IUCN red list (Hilton-Taylor 2000, van Dijk and Harding 2011), threatened at the national level in Canada (COSEWIC 2007) , and endangered in the province of Ontario (OMNRF 2016) . Among the many threats to this species; habitat loss, road mortality, poaching, and anthropogenic disturbance are considered the major reasons for declining populations (Garber and Burger 1995; Daigle and Jutras 2005; COSEWIC 2007; Amato et al. 2008; Willoughby et al. 2013 ). There have been at least 35 prior studies to investigate habitat use and movement by Wood Turtles (Brown et al. 2016 ) involving a broad array of sites spanning the species range and providing a firm basis for general characterization of critical habitat for the species.
Wood Turtles are semi-aquatic, riparian obligates, which inhabit forested riverine ecosystems (Harding1991) and often show strong fidelity to sites where favourable habitat conditions exist (Kaufmann 1995; Arvisais et al. 2002) . Wood Turtles move through both aquatic and terrestrial habitats using upland forests in mid-summer and returning to the main D r a f t 6 river where they overwinter in autumn. High quality habitats are characterized by open riverine sand/gravel bars with low to moderate slopes and warm, humid substrate temperatures, which are used for nesting (Hughes et al. 2009 ) and basking (Buhlman and Osborn 2011) . Riparian zones comprised of mixed vegetative cover on the river edge with adjacent closed-canopy mature forests, provide optimal opportunities for foraging and thermoregulation during active summer periods.
In general terms, forested watersheds at the northern extent of the species range, can be considered less disturbed or impacted by anthropogenic activity as compared to more southern portions of the Wood Turtle range. One particular reason is that riparian zones are given significant protection in forest management and land use planning (OMNR 2010) . None-the-less, Wood Turtle habitats in the eastern boreal forest transition ecozone may be subject to a variety of disturbances including; habitat destruction and alteration through inappropriate forest harvesting, mining activity, utility corridor and road developments, off-road recreational vehicle use, and altered flow of river systems.
In Ontario, Canada, critical habitat is delineated and regulated to minimize potential harm to the species through defining regulated habitat. For Wood Turtles regulated habitat is defined, in part, as the area extending 3000 m in both up and downstream directions from any documented Wood Turtle occurrence, and includes terrestrial habitats within 500 m of either side of the river (Ontario Wood Turtle Recovery Team 2010). The regulated area is considered to encompass all habitat components necessary to support the population over the long term.
In this paper, we present a study that examines the potential advantages associated with the integration of GPS-telemetry, conventional radio-telemetry, and dynamic movement modeling using dBBMM to provide enhanced understanding of Wood Turtle movements and probabilistic D r a f t 7 estimates of habitat use. Results from the two techniques are contrasted with one another to demonstrate the benefits of both techniques, to evaluate the ability of regulated habitat to protect the Wood Turtle, and to broaden our general understanding of Wood Turtle ecology.
Materials and methods

Study areas
The two study areas are located within two different forested watersheds of the eastern However, broader areas of each study watershed have been repetitively harvested and as a result have a main gravelled forest haul road and a network of secondary extraction roads and trails.
We considered the two study populations to be independent because they are in different watersheds, separated by a minimum distance of ~ 20 km, including areas of substantial topographical relief, barren rock outcroppings and with no direct riverine connection. Wood Turtles rarely move further than 300 m from streams and tend to occur at lower elevations in areas with gentle slopes, minimal stream gradients, and not on dry open hilly terrain (Kaufmann 1995; Arvisais et al. 2002; Parren 2013; McCoard et al. 2016) . Finally, despite several years of observation and more than 327 uniquely marked individuals in these two populations (Cross et al. In Press) , there have been no documented cases of a marked turtle moving from one watershed to another.
Coarse scale radio-telemetry monitoring
We selected 48 adult Wood Turtles, 24 in each study watershed, that were representative of the general population of adults in the two watersheds (Cross et al. In Press) to monitor with conventional radio-telemetry. At first capture, each turtle was measured using digital calipers (Neiko Tools, Taiwan) and weighed with a hanging digital scale (Berkley, Spirit Lake, IA, USA). Each turtle was uniquely identified by filing notches into the marginal carapace scutes with a triangular file, in accordance with the coding system described by Cagle (1939) . Turtles were assigned to sex based on their secondary sex characteristics including the concave plastron and longer, thicker tail typical of males (Ernst and Lovich 2009 Turtles were tracked by conventional radio-telemetry techniques once or twice per week throughout their active period (June to Sept) and over multiple years (typically 3) of observation.
Radio-telemetry instrumentation included a 3-element Yagi antenna and a 2-MHZ scanning receiver (Model R410, Advanced Telemetry System, Isanti, MN, USA). At each relocation point, we recorded UTM coordinates using a hand held GPS unit (Model 76Cx, Garmin Ltd., Olathe, KS, USA) employing wide angle satellite differential correction and averaging over time to an estimated horizontal positional accuracy of 5 m.
Fine scale GPS-telemetry monitoring
We chose eight individual adult Wood Turtles (2 males and 2 females in each watershed) from the individuals monitored with conventional radio-telemetry for more detailed GPStelemetry monitoring. One individual of each sex captured from upper and lower reaches of the main river channel was chosen to ensure interspersion across potential longitudinal gradients of riverine habitat condition. We deployed miniature (12.5 g), programmable, GPS-telemetry data loggers (GPS Bug, Lotek Wireless Inc., Newmarket, Ontario, Canada), in addition to the conventional radiotransmitters on these eight individual. The GPS-telemetry loggers were attached to each individual using a small two-part plastic encasement. The base plate of the encasement was glued to the costal scutes and the removable plastic cover was affixed to the base plate with 4 small bolts. Monitoring with conventional radio-telemetry transmitters D r a f t facilitated downloading data biweekly, overnight recharging of batteries, and subsequent redeployment of GPS-telemetry data loggers. Total instrumentation (GPS-telemetry unit and radio-transmitter) accounted for less than 7% of adult turtle mass, which is greater than the general rule of 5% body mass. Inspection of data from radio-telemetry for GPS and non-GPS tracked individuals did not indicate any adverse effects on turtle movement. We programmed GPS-telemetry units to obtain a satellite fix every four hours from spring (May-June) until fall (September-October). We terminated GPS-telemetry studies in late September or early October to recover the units before individuals entered their overwintering hibernacula.
Spatial analysis
All spatial analyses were conducted using R (R foundation for statistical computing). For turtles tracked with radio-telemetry and GPS-telemetry we calculated conventional home ranges with minimum convex polygons (MCP95) using the adehabitat package (Calenge 2006) . The distance (m) and time (min) between each sequential relocation were calculated with the move package (Kranstauber et al. 2017 ) and the minimum, maximum, average, sum, and standard deviation were determined by day, month and year. Euclidian distance from each location to the river was also calculated.
To provide a probabilistic assessment of habitat use we used dynamic Brownian Bridge Movement Models (dBBMM) to calculate utilization distributions for radio-telemetry and GPStelemetry tracked turtles using the move package (Kranstauber et al. 2017) . The dBBMM movement modeling technique calculates the probability of an animal's movement path by incorporating the distance and elapsed time between successive locations, the location error, and the Brownian motion variance which estimates an animal's mobility based on its speed and D r a f t 11 direction of movement (Horne et al. 2007; Kranstauber et al. 2012) . The application of dBBMM models requires inputs for two parameters, s1 and s2. The parameters relate to the size of "bridge" between successive relocations (s1) and to the estimated variance in the relocation positions (s2). For the purposes of this study, we chose values of s1 = 0.05 and s2 = 2. The value of s1 was determined via iterating values and comparing the model output for 70 and 90 % utilization distributions. We chose the average value for s1 that resulted in 70 and 90 % utilization distribution polygons that bounded those respective percentages of the GPS telemetry relocation points of each test cluster. The value for s2 was estimated based on variance in positional errors observed when marking exact locations of turtles with handheld GPS.
Statistical analysis
General summary statistics, analysis of relocation observation data, as well as preliminary analyses of movement and habitat use data were conducted using SigmaPlot (Sigmaplot Version 12.3, Systat Software Inc.). During preliminary analyses, we observed violations of normality or homogeneity of variance. Cumulative distances moved at different times scales (day, month, year), as well as annual and multiyear estimates of habitat use areas were log transformed prior to analysis. Data from turtles monitored via radio-telemetry and GPS-telemetry were analyzed separately using the same statistical tests to allow direct qualitative comparison of the results from the two different monitoring techniques.
Analysis of movement data and estimates of MCP95 and utilization distribution areas were performed using mixed-effects multiple regression models with the lme4 package (Bates et al. 2015) . We used mixed effects models to test the fixed effects of sex, month, and watershed and the random factors notch and year. The random effect of notch (individual) was included in all D r a f t models and we determined whether or not to include year as a random factor by comparing full models with and without year as a random effect with Akaike Information Criteria (AIC; Mazerolle 2006 ) and log likelihood ratio tests. After the structure of random effects were determined, we used single term deletions with Chi-square tests to determine which fixed effect variables (sex, month, watershed) to retain in the final models. Significance of interaction between fixed effects was determined with AIC and log-likelihood ratio tests, and when not significant the interactions were removed in the final model (Zuur et al. 2009 ). We used least squares means to test for differences among levels of the fixed factors.
Lastly, we compared the distance from the point of observation to the river for each sex individually using General Additive Models (GAM) with the continuous factor of day and the random effect of notch for turtles tracked with radio-telemetry and turtles tracked with GPStelemetry. Unless otherwise specified, variations about mean values are reported as standard error (± SE) and determinations of statistical significance are based on the conventional criterion of p < 0.05.
Habitat selection
We assessed habitat selection by turtles monitored with radio-telemetry at two spatial scales; 1) selection of habitats within core activity areas from habitat available within the defined regulated habitat boundaries and 2) selection of habitat at specific relocation points from habitats available within the delineated core activity area. The two scales are generally considered as 2 nd and 3 rd order habitat selection (sensu Johnson 1980) . Habitat selection was assessed in accordance with the distance-based method of Conner and Plowman (2001 
Results
Movement
We acquired 1492 locations of 48 different adult Wood Turtles using radio-telemetry throughout the three years of study and 3176 locations of eight Wood Turtles with GPStelemetry. The overall average annual distance moved, as estimated based on radio-telemetry (2087 ± 136 m/year) was more than 3-fold lower than that estimated by GPS-telemetry (7134 ± 717 m/year) (F 1,39 = 41.958, p < 0.001). Mixed effect models were used to investigate the cumulative distance moved as estimated by radio-telemetry in relation to year of observation and (Fig. 2) .
The high temporal frequency of GPS-telemetry data acquisitions facilitated testing whether the cumulated distance moved varied among the seasons by including month (June, July, August, September) as a fixed effect. Including year as a random factor did not improve model fit and neither of the fixed effect variables, sex (p = 0.46) or watershed (p = 0.13), were retained in the final model. Testing pairwise differences with least squares means among months, we found that only the cumulative distance of movement in July and September differed ( Pairwise testing showed significant differences in cumulative daily movements by males and females in July (t = 2.65; df = 10; p = 0.024), August (t = 2.37; df = 12; p = 0.036), and September (t = 2.78; df = 38; p = 0.009) (Fig. 2b) .
Annual habitat use
Based on multiyear radio-telemetry observations, we calculated conventional MCP95
home range estimates and used dBBMM to predict habitat utilization distribution probabilities for all 48 Wood Turtles in each year (Table 1) . On average there were 31 (range 13-44) radiotelemetry observations per turtle per year. We defined the areas within the 70% utilization distribution to be a core activity area because on average 82% (range 22-100%) of all location observations for an individual were within the bounds of the 70% utilization polygon for that individual. Overall, we also observed very close agreement between the size of core activity areas (22.64 ± 6.65 ha), and home ranges estimated based on conventional MCP95 estimates (21.53 ± 4.20 ha). However, we also observed substantial variation about means for both metrics, with trends suggesting females used smaller areas than males, and a smaller area being used by both sexes in watershed one as compared to watershed two (Table 1) . Core activity areas for 46 of 48 adult Wood Turtles monitored with radio-telemetry were within the protective regulated habitat boundaries. The two cases in which core activity area polygons showed minor excursions outside the delineated regulated habitat were observed for male Wood Turtles occupying lower, significantly meandering reaches of main river channels.
On average, there were 151 (range 50-312) GPS-telemetry relocations per individual per year. We considered the area within the 70 % utilization distribution to estimate core activity area because on average 94% (range 82-100 %) of GPS-telemetry observations for an individual D r a f t occurred within the bounds of the 70% utilization distribution polygon for that individual. We used a GLMM to test for differences between the size of core activity areas and home ranges estimated by with MCP95 (type). In this analysis we included the fixed effects sex and watershed and the random effect year and notch. The final model included the fixed effect of type (p < 0.001) and sex (p = 0.095), but the interaction was not included (p = 0.22). Comparison of least squares means indicated that conventional home range areas estimated with MCP95 were significantly larger than core activity areas for both males (p < 0.001) and females (p < 0.001).
No significant differences were observed between the sexes with either method (MCP95, p = 0.12; core activity area, p = 0.28). Similar results were found if the size of activity areas were estimated with 50% utilization distributions ( Table 2 ). Based on the upper 99% confidence limit for the mean size of core activity areas (Table 2) for turtles tracked with GPS-telemetry, we estimated the maximal size of annual core activity areas to be 1.71 ha, which is substantially smaller the upper 99% confidence limit of home range area estimated with MCP95 (36.51 ha).
We observed multiple cases of overlapping core activity areas among individuals in both study watersheds. In watersheds one and two respectively, we observed six and three different locations along the main river channels in which there were overlapping core activity areas.
Overlapping core activity areas were observed for all combinations of sexes (i.e. M-M, M-F, F- 
Multiyear habitat use
To estimate the amount of habitat turtles used over multiple years we calculated MCP95
estimates and core activity areas with dBBMM models for all GPS-telemetry relocations acquired for each individual (Table 3) . Multiyear estimates of both MCP95 and core activity area were larger than annual estimates (Table 2, 3). A t-test of log transformed data (n = 8, t = -0.425, df = 4, p = 0.677) indicated that the overall mean size of multiyear core activity areas (23.92 ± 12.01 ha) was not significantly different than the size of MCP95 home ranges (32.18 ± 14.71 ha).
Paralleling the annual results, we found no significant differences in mean area of multiyear core activity areas among sexes (F 1,6 = 0.983, p = 0.360) or watersheds (F 1,6 = 0.00565, p = 0.943).
Multiyear core activity area polygons contained 94 ± 1% (range 89-100%) of all GPS-telemetry relocations acquired for a given individual. The average distance between the outermost core activity area boundary and the river was 213 ± 42 m (range 107 to 407 m) with a 99% upper confidence limit of 361 m.
In Fig 3 and 4 , we note that centroids of conventional MCP95 home ranges (blue polygons) generally align with those of the core activity areas (white polygons) derived from dBBMM models. However, the MCP95 home range estimates often included substantial proportions of habitat in which there were no actual relocations over multiple years of observation. We considered the 90% utilization distribution polygons, as shown in Figs. 3 and 4, D r a f t 18 as areas of habitat to which individuals showed exceptionally high affinity over multiple years.
With one exception, these high affinity areas were located in very close proximity to the main river channel. For males, centroids of these 90% utilization distribution polygons were on average only 12 ± 3 m from the river channel and those of females were 74 ± 20 m from the river channel (Mann-Whitney U = 28.5, p = 0.013). Typically, the 90% utilization distribution polygons encompassed mature, full canopy mixed-wood forests of the riparian zone, open riverine sandbars, and the river itself.
Movement relative to river
The average minimum distance from locations (n = 1407) derived from radio-telemetry to the river was 54 ± 2.26 m, with an upper 99% confidence limit of 60 m. Only two locations derived from radio-telemetry were greater than 500 m from the river, one male turtle was located 912 m from the river once and one female was located 512 m from the river once. For each sex we tested whether the distance from river changed throughout time with a General Additive Model (GAM) that included notch and watershed as random effects. There was a significant relationship between distance from river and date for females (p < 0.001) and the complete model explained 29.7 % of the deviance. For males there was no relationship between date and distance from river (p = 0.79) and the complete model explained 22.4 % of the deviance (Fig 5a) .
To discern differences among years we tested for differences in distance from location to river among the sexes, months, and years of study using a GLMM. The final model contained the The maximum distance from any GPS-telemetry location (n = 3134) to the river was 364 m. We used a GAM analysis to test for difference in distance from location to distance from river for each sex with notch included as random effect. We found a significant relationship between distance to river and date for female (p < 0.001) and male turtles (p < 0.001). The model for female turtles explained 79.4 % of the deviance and the model for Male turtles explained 6.8% of the deviance. Female turtles were found further from the river than males in all months (Female:
88.77 ± 1.77 m; Male: 20.63 ± 0.67m). Females were found further from the river in June, July and August (Fig 5b) as compared to May and September, an apparent seasonal difference for females that was not detected with conventional radio-telemetry.
Habitat selection
Habitats used by Wood Turtles within core activity areas differed from those available within the regulated habitat (df = 12,35, p < 0.001) indicating that 2nd order selection had occurred. Rankings for 2nd order habitat selection showed that three categories of habitat were preferred over all others; riverine beaches, electrical transmission line corridor, and river. There was no indication that Wood Turtles strongly selected for water features such as oxbows and mature forest was the least preferred habitat. Habitats at individual relocation points were also different from those within the core activity area (df = 12,35, p < 0.001) demonstrating that 3rd order habitat selection occurred. However, habitat rankings for 3rd order selection were not very informative as mature forest was the most preferred habitat, but paired t-tests did not indicate a clear hierarchy in habitat preference.
D r a f t
Discussion
Combining conventional radio-telemetry and GPS-telemetry provided substantial and complimentary information on the movement and habitat use by Wood Turtles. Information that improves our understanding of the habitat needs for this species, informs study design for other freshwater turtles, and evaluates the effectiveness of habitat regulations for this species. Coarse scale radio-telemetry data provided robust inferences about the shape of core activity areas and habitat selection in forested riverine systems at the northwestern range extent in Canada, as they are based on multiyear observations of a relatively large number of individuals (n = 48) from two different populations. In contrast, high intensity GPS-telemetry data provided detailed information appropriate for inferences at finer levels of time and space not typically achievable with conventional radiotelemetry. However, largely as a reflection of capital cost limitations, GPS-telemetry data were derived from relatively few individuals (n = 8) and thus are inherently less robust to variation amongst individuals.
Both monitoring techniques show the propensity of adult Wood Turtles to move significant distances during the active season. Intensive GPS-telemetry monitoring revealed cumulative total distances moved per annum that were, on average, more than 3-fold greater than that estimated by radio-telemetry. This difference reveals that Wood Turtles move considerable more than previous radio-telemetry studies have estimated (e.g. Arvisais et al. 2002; Tingley et al. 2010) and is likely because the radio-telemetry data provides an estimate of the straight lines distance moved between locations 2-3 days apart whereas the GPS-telemetry data provides a more refined estimate of the actual movement trajectory. A more refined estimate of movement provides a better measure of actual distance moved and the habitats the individual moved through.
The radio-telemetry data indicates that males moved a greater distance than females, but this result was not found in the GPS-telemetry data. Both techniques found that the cumulative distance moved by individuals differed among months, with both sexes moving less in the early (May/June) and late (September) months of the active season. We attributed this seasonal pattern to greater proportional time spent basking under cooler ambient air conditions and to spatially constrained searching for nest and hibernacula sites during spring and fall respectively. These postulates were supported by clusters of GPS-telemetry locations on open riverine sandbars and in very close proximity to the river during the relevant time periods, similar to movements reported for other populations (e.g. Arvisais et al. 2002) . The clustering of datapoints on riverine sandbars was apparent in the high frequency data collected using GPS-telemetry.
Using the GPS-telemetry data at the daily time scale, we found that females moved significantly greater cumulative distances per day than males during July, August, and September. Estimates for both sexes were substantially greater than those derived from conventional radio-telemetry tracking studies of Wood Turtles (Arvisais et al. 2002; Tingley et al. 2010 ). The differences in the daily distance moved may be due to difference in broader movement patterns and habitat use. GPS-telemetry tracking found females ranged further from the river into the riparian forest areas than males, which in turn lead to differences in the shape of core activity areas between the sexes. The GPS-telemetry technology allows for fine scale analysis of movement over multiple years for both sexes. In general, females tended to move in short segmental movements between key habitat elements within the same small core activity area. Movements by females commonly involved travel between specific open riverine sand bars and into the surrounding mature riparian forest. In contrast, movement patterns for males included the largest straight line distances observed and movements tended to trace the slow-
arcing meanders of the river, demonstrating the propensity of males to move and remain in very close proximity to the main river channel. Differences between the sexes that were not readily discernable in the coarser scale radio-telemetry data.
Conventional MCP95 home range bounds, particularly those delineated for male Wood
Turtles, over-estimated the area of habitat used by individuals when compared to core activity area estimates from dBBMM. Over-estimation can be attributed to the propensity for both male an female turtles to make occasional long distance sojourns into forested upland areas which has the effect of inflating MCP95 home range estimates, even though the probability of using the majority of the encompassed area is very low as evidenced by the utilization distributions derived from dBBMM of GPS-telemetry and radio-telemetry data. Results therefore support the consensus findings of several previous authors who described conventional home range estimates as biased, being affected by underlying shape of the species habitat use patterns, and as being particularly inaccurate for Wood Turtles and other herpetofauna (Kaufmann 1995; Burgman and Fox 2003; Borger et al. 2006b; Row and Blouin-Demers 2006) . None-the-less our multiyear mean core activity area estimates of 23.92 ± 12.01 ha are within the range of conventional home range estimates for Wood Turtles at the northern extent of their range (24.3 to 51.9 ha; Quinn and Tate 1991; Arvisais et al. 2002; Remsberg et al. 2006; Greaves et al. 2007) .
Results of the present study lend further support to previous studies (Kaufmann 1995; Arvisais et al. 2002; Walde et al. 2003) showing that Wood Turtles exhibit strong multiyear fidelity to specific sites. We noted that all intensively monitored individuals demonstrated strong fidelity not only to defined multiyear core activity areas, but also to specific macro-habitat elements within these core activity areas. Repeatedly used habitat elements were easily identified based on the predictive contours of the > 90% habitat utilization probability polygon, particularly D r a f t 23 when based on high intensity GPS-telemetry observations. Commonly these areas included specific riverine sandbars, deep undercut river banks, and particular portions of the mature closed-canopy riparian forest which correspond to habitat elements required for basking and nesting, overwintering hibernacula sites, foraging, and thermoregulation.
Fidelity to specific habitat types and features was supported by the results of the habitat selection analyses in which selection at 2 nd and 3 rd orders was detected. Habitat preference rankings for 2 nd order selection indicated that Wood Turtles selected riverine sandbars and the river itself disproportionately with respect to the availability of these natural habitat elements within the protected regulated habitat. Somewhat surprisingly, forest habitat was not preferred at 2 nd order, a finding that may reflect the overall large proportion of this habitat type generally available to both populations (Edge et al. 2010) . Analysis of 3 rd order selection revealed that turtles preferred forest habitat over all other habitat types, a result that is consistent with prior knowledge of Wood Turtle habit requirements (Walde et al. 2003; Arvisais et al. 2004 , Browne et al. 2016 . It is likely that Wood Turtles did not actively select forest habitat within core activity areas from the regulated habitat because its availability within the regulated area exceeds the needs of these individuals (Brown et al. 2016) . Within core activity areas mature, closedcanopy riparian forest was the most preferred habitat, demonstrating the importance of this habitat type to meet daily needs such as thermoregulation and foraging. This result contrasts with those of other studies (Arvisais et al. 2004; Browne et al. 2016 ) who found that Wood Turtles tended to select young forests. We suggest that apparent differences in habitat selection may simply reflect differential availability of habitat types among the various study areas. Where
Wood Turtle populations occur in areas with altered landscapes in which mature forest is more limiting, we would expect turtles to actively select forest habitat at both spatial scales, as has D r a f t 24 been observed for other turtle species (Edge et al. 2010) . Overall, the patterns of movement and habitat use observed in this study provide evidence to support the conclusion that Wood Turtles do not use habitats randomly (Arvisais et al. 2004) , and that animals interact with conspecifics and their environment in non-random patterns (Borger et al. 2008) .
Results of our study provide evidence supporting the conclusion that the current definition of regulated habitat (habitats within 500m of an occupied stream) is likely to provide effective protection for adult Wood Turtles in these two watersheds that are typical of the boreal transition ecozone in Canada. Only two of 48 individuals tracked using either method were found more than 500 m from the river (One female and one male) and the perimeter of all annual and multiyear core activity areas (70 utilization probability) were within the boundaries of the regulated habitat. In general terms, results of this study provide additional evidence demonstrating the importance of protecting riparian forests as well as riverine sandbars and deep undercut banks as key habitat elements routinely used by Wood Turtles (Compton et al. 2002; Ontario Wood Turtle Recovery Team 2010; McCoard et al. 2016) . The results and methods used in the present study also effectively map many of these key areas and define the broader spatial extent of habitat use in probabilistic terms which can be used to further refine science-based protection and recovery strategies.
The concurrent and integrated use of conventional radio-telemetry,GPS-telemetry and dBBMM modeling provides an effective approach for gaining an enhanced understanding of movement and habitat use by Wood Turtles in watersheds typical of the boreal transition ecozone. High-resolution GPS-telemetry data provided refined estimates of habitat use and movement indicating the propensity of turtles to use several small activity areas and annual fidelity to these areas. GPS-telemetry data also indicates differences in movement between the D r a f t sexes, with females tending to move perpendicular and males parallel to the main river channel.
Conventional radio-telemetry provided a robust dataset to evaluate habitat selection at two spatial scales indicating that in a relatively undisturbed area Wood Turtles use habitats opportunistically and selection of habitats within home ranges is the most important scale of selection. Selection of habitats within home ranges demonstrates the need for the protection of large areas of forest rather than specific habitat elements to support this species. Both radiotelemetry and GPS-datasets found that the definition of recovery habitat is likely to include the majority of all habitats used by individuals over multiple years. 79x39mm (300 x 300 DPI)
